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A rnethod has been developed for the strrrulraneous deterrnination of lanthanum and
cerium with EDTA. The method involves both redox and cornplexornetrfc principles. The
first titration has been perforrned in 0'5N H2SO" and it gives the value corresponding to four
equivalents of Ce(IV) per mole of EDTA, ferroin being the indicator. In the second step of titra-
tion the pH of the solution is raised by the addition of pyridine (pH = 8·4 ± 0·2) or 20% solution
of (NH.)2C03 (pH::::: 8·25) using erfochrorne black T and tropaeoline 00 rnixture or pyrogallol
red as the indicator, respectively. This titration gives the total value equivalent to La(llI)
and Ce(III). In another titration, La(III) or Ce(III) has also been estimated as a single component
in pyridine medium. The optimum conditions for titrations and the interferences due to various
anions and cations have been studied.
METHODS based on direct and back-titrationsof La(III) and Ce(III) with EDTA (disodiumsalt) have been described=". In these
methods, the ions, and other rare earth ions, if
present, are co-titrated and therefore the titre
values give the total metal ions present. Bromo-
pyrogallol red-, murexide+", alizarin red 9, thoron-,
and alizarin sulphonate (ammonium salt) and methy-
lene blue mixture! are the usual indicators in these
titrations. The colour of the indicator dyes is
discharged in the presence of the oxidant Ce(IV)
and the evaluation of a correct end-point becomes
impossible. EDT A is oxidized by Ce(IV) in an
acidic solution, while in an alkaline medium the
metal ion hydrolyses and the oxidation of the
indicator interferes.
Malinina et al.6,? investigated the Ce(IV)-EDTA
system in detail. They concluded a composition
of 1: 1 for the complex and discussed the nature
of the reduction of Ce(IV) in the presence of EDT A.
The kinetic investigation of oxidative decarboxy-
lation of EDTA has also been reported by Carroll
and coworkerss-", who found that four equivalents
of Ce(IV) are used for one mole of EDTA. Rao+,
however, found two equivalents of Ce(IV) are
needed for one of EDTA. Our observations are
in agreement with those of Carroll et al.
In this work, advantage has been taken of t~e
reductive property of EDTA for Ce(IV) and Its
subsequent complexation with Ce(III) for the chelo-
metric determination of Ce(IV). The procedure
has enabled the determination of Ce(IV) and La (III)
when present together. The addition of pyridine
in the titration of Ce(III) or La(III) sharpens the
end-point due to its buffering action and non-
aqueous effect.
Materials and Methods
A 0'10M solution of Ce(IV) was prepared by
dissolving ceric ammonium sulphate (BDH, AnalaR)
*To whom all correspondence may be addressed.
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in cone. H2S04 (overall acidity ~0·5M) and stan-
dardized against ferrous ammonium sulphate.
A 0'05M solution of La(III) was prepared by dis-
solving lanthanum carbonate (Fluka) in a suitable
amount of nitric acid and standardized against
EDTA.
A stock solution of EDTA (0'05M) was prepared
from the disodium salt (E. Merck).
The indicators used were: pyrogallol red (E. Merck),
0·1% alcoholic solution; ferroin (E. Merck), O'025M
solution; and eriochrome black T (BDH indicator
grade) -l-tropaeoline 00 (BDH indicator grade) +
NaCl (2: 1: 500).
The buffers employed were: Undiluted pyridine
(BDH, AnalaR) used (sp. gr. 0·98); (NH4)2COa
(BDH, AnalaR), 20% aq, solution; buffer PH = 5
(NaOAc/HCl); buffer pH = 10 (NH4Cl/liquor ammo-
nia); and buffer PH = 8·5 (boric acid/borax).
All other reagents used were of analytical grade.
Procedure- J: Determination of La(J II) or Ce(II J)-
To an aliquot of lanthanum solution, pyridine
(2-5 ml) was added and the mixture diluted to ,...,50
ml. A wine-red coloration developed on the addition
of the indicator (eriochrorne black t-j-tropaeo-
line 00 mixture). It was titrated against a standard
EDT A solution till colour changed to bottle green.
The same titration was repeated using borax-boric
acid buffer in place of pyridine. The comparative
results (average of a number of determinations)
are summarized in Table 1. Both direct and back-
titrations [against standard Zn(NOa)2] were per-
formed and were found satisfactory.
Direct titration of Ce(III) against EDTA did not
yield satisfactory end-points probably due to blocking
of indicator. Hence, Ce(III) was determined by
back-titration using Zn(NOa)2 solution (table 2). To
a Ce(IV) solution, a pinch of tartaric acid was added
and it was reduced by solid ascorbic acid followed by
the addition of excess of EDT A, pyridine (2-5 ml)
and mixed indicator. During titration the colour
changed from bottle green to wine-red and again
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TABLE 1 - LA 'TRANUM (III)-EDTA TITRATION
La(III) Titrant Direct titration Back titration
taken EDTA
(mg) X 102M Pyridine media Buffer media Pyridine media Buffer media
-------- -------
EDTA La(III) EDTA La (III) EDTA La(III) EDTA La(III)
(ml) found (ml) found (ml) found (mI) found
(mg) (mg) (mg) (mg)
58·62 10·2040 4·14 58·68 4'14 58·68 4·14 58·68
44·12 5·1229 6·20 44·12 6·24 44·40 6·18 43·99 6·12 43·55
17-65 1·9841 6·40 17·64 6·34 17'47 6·38 17·58 6·36 17'53
8·82 0·9542 6'64 8·80 6·60 8·75 6·66 8·83 6'54 8'67
4'41 0·4902 6·52 4·44 6·54 4·45 6·50 4·43 6·58 4·48
1·76 0·2000 0·36 1·77 6·44 1·79 6·22 1·72 6·38 1'77
0·88 0'1000 6·56 0·83 6·72 0·85
TABLE 2 - CERIUM (III)-EDTA TITRATION TABLE 3 - OXIDIMETRICTITRATIONSOF
Ce(IV) IN PRESENCE OF La(III)
Ce(IV) Titrant EDTA Amount found Ce(IV) La(III) Titrant EDTA Ce(IV)taken EDTAxl02M (mI) as Ce(III) taken present EDTA (mI) found(mg) (mg) (mg) (mg) xl02M mg
109·90 10·4380 7·52 109·98 137·37 174·0 10·4380 2·36 138·06
68·68 5·2190 9.40 68·74 82·42 87·0 5·2190 2·82 82·49
32·97 2·0876 11·26 32·94 41·21 43·5 2·0876 3·52 41·19
34·34 1·0444 23·50 34'39 27·47 43·5 1·0444 4·70 27·49
5·49 0·5219 7·50 5·48 17·17 21·7 0·5219 5'80 16·97
3'85 0·2088 13·20 3-86 6·87 21·7 0·2088 6·00 7·02
the end-point was corrected by EDTA to bottle
green. .
A mixture of Ce(III) and La(III) when titrated
gave titre values corresponding to the sum of these
metal ions.
Procedure-Tl : Oxidimetric determination of Ce(IV)
in 0·5N H2S04 solution - To an aliquot of Ce(IV)
solution, a suitable amount of standard H2S04
was added to get an overall. ac!dity 0·5N in --:50
ml. Ferroin was used as indicator, and during
titration with EDT A the colour changed from
green to red. The titre value corresponded t~ 0·25
equivalent of EDT A for one of Ce(IV). No inter-
ference was observed by La(III) (Table 3).
Procedure-III: Simultaneous determination of Ce(IV)
and La(II I)- In a solution containing both Ce(IV)
and La(III), Ce(IV) was determined by p~oced~re-II.
To the same solution, a pinch of tartanc acid was
added and then the PH of the solution raised by
the addition of pylidine or of 20% (NH~)2C03 so.lu-
tion, and titration against EDT A contmued usmg
mixed indicator (pyridine medium) or pyr.ogallol
red (carbonate medium). A titre value equivalent
to total Ce(III) and La(III) was then. obtained.
The amount of lanthanum was determined usmg
the expression
TLa = T Proce. III -4X T Proce, II
The total cations were also determined in separate
sample solutions by reducing Ce(IV) with ascorbic
acid and then titrating against EDTA. Th~ results
(Table 4) obtained in both the cases are in g?od
agreement. However, the Iatter method requires
two samples for the two separate titrations.
Results and Discussion
Eriochrome black T is often used as an indicator
in the direct titration of a number of metal cations
at PH ~ 1O. The transition from red to blue at the
end-point is not very sharp. Some workerst? found
that the end-point improves by producing a colour
change from red to green by the addition of yellow
dyes such as methyl orange, methyl yellow, methyl
red, titan yellow, tropaeoline 00, etc. In the present
investigation eriochrome black T and tropaeoline
00 mixture has been found appropriate. At room
temperature (~200), Ce(IV) oxidizes EDTA and
the reaction is found to be quantitative's".
Ce(IV) is quantitatively reduced to Ce(III) during
redox titration and Ce(III) is then titrated in the
complexometric titration along with La (III) in
equinormal proportions. Therefore, the total EDT A
consumed for Ce(IV) is 1·25 equivalent. The end-
point of redox titration is comparatively less sharp
than in the complexometric titration. Vigorous
shaking, however, improves the end-point. The
oxidative property of Ce(IV) for EDTA makes the
procedure specific in the presence of other rare
earths. At moderate concentrations, the end-point
may be judged even in the absence of an indicator,
the yellow colour of Ce(IV) being discharged. When
low concentrations are used, ferroin is employed
as a redox indicator. The end-point of cornplexo-
metric titration becomes a bit sluggish due to
screening of mixed indicator when ferroin is used.
The performance of redox and complexometnc
titrations separately yields more accurate results.
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TABLE 4 - TITRE VALUES OF CERIUM AND LANTHANUMIN ARTIFICIALMIXTURES
La(III) Ce(IV) Titrant Titre value Titre value Vol. of EDTA Lanthanum Cerium
taken taken EDTA of EDTA of EDTA corresponding found found
(mg) (mg) xl0'M reqd in reqd for to La(III) (mg) (mg)
redox titn La(I1I) (ml)
(ml) + Ce(III)
(ml)*
48·71 34·34 5·2190 1·18 11·44 6·72 48·72 34·52
4'18 68'68 5'2190 2·34 11·08 1·72 4·15 68·45
55·68 10·99 5·2190 0·38 9·20 7'68 55·68 11·11
13-92 13·73 2·0876 1-18 9·52 4'80 13-91 13-80
41·76 8·24 2·0876 0·70 17·20 14'40 41·76 8·19
6·96 6·87 1·0444 1·18 9-62 4'90 6·96 6·90
3'48 16·47 1·0444 2·82 13-70 2·42 3·51 16·51
8'35 4·81 0·5219 1-68 18'30 11-58 8'39 4·91
6·96 10'30 0·5219 3·58 23·98 9·66 7·00 10'47
3·34 4·12 0·2088 3·60 26·20 11·80 3·42 4'21
0·97 0·89 0·1044 1·56 13-14 6·90 1·00 0·91
*Average of two types of titration values which have been performed separately: (I) in the same sample solution, and
(II) Ce(IV) is reduced to Ce(III) by ascorbic acid in the separate sample.
The addition of a pinch of tartaric acid keeps the
metal ion in solution because in (NH4)zC03 medium
La(III) precipitates out as carbonate, while in
pyridine cerium is hydrolysed, and there are chances
of co-precipitation when both are present.
The redox titration is only affected by other
redox systems if present. An appreciable deviation
has been observed in complexometric titration in
the presence of a number of cations [Mg2+, Ca2+
(partial), AP+, Fe2+, Fe3+, Cr3+, Ga3+, In3+, T13+,
C02+, Ni2+, Cu2+, Zn2+, Cd2+, Mn2+, Sn2+, Sb3+,
Se4+, UO~+ and Th4+J and anions, citrate, tartrate
(excess), tungstate, molybdate, metavanadat e, BO~-,
CzOi-, POi-, F-, S20~-, S2-, HCOii, Fe(CN)~-,
and Fe(CN)~-. The platinum metal ions, Ag+.
Be2+, Sr2+, Ba2+ and Bi3+ and HCOO-, CH300-,cr-, Be, 1-, N02, xo, SO~-, SOi- and SCN- do
not interfere.
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